Topic 18
Environment Model of
Evaluation

Section 3.2

Acknowledgement: This lecture (and also much of
the previous one) were taken from an old CalTech
Course Page
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bindings (review)

» a binding is an association between a name and a
Scheme value
* names:
— variable names, procedure names
— formal parameters of procedures
— in let statements: (let ((name value) ...) ...)
« values: any Scheme value
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bindings (review)

¢ abinding is an association between a name and a
Scheme value

* examples:
— name: X value: 10
— name:y value: #f

— name: square value: (lambda (x) (* x X))
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frames (review)

» aframe is a collection of bindings:

x: 10
y: #f
square: (lambda (x) (* x x))
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frames (review)

« frames are used to look up the value corresponding
to a name

—x=?
—y=2?
— square =?
x: 10
y: #f
square: (lambda (x) (* x x))
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frames (review)

frames have an enclosing to parent frame

environment

— which will be another
frame (parent frame)

— if lookup fails, go to parent

frame and try again

— then to its parent frame x: 10
etc. )

y: #f

square: (lambda (x) (* x x))
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environments (review)

global environment)

+ an environment is a linked i
chain of frames ending in E1l x: 10
the global environment

« every frame defines an I
environment starting from
it E2 y: 20

E3 z: 30
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environments (review)

the global environment is there when Scheme interpreter
starts up

evaluating code can create new frames

— and thus new environments

all code being evaluated does so in the context of an
environment

— because names must be looked up

— called the current environment
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rule 1: define

« define creates a new binding in the current
environment (current frame)

e example:
* (define x 10)

(global environment)
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rule 1: define

« define creates a new binding in the current
environment (current frame)

e example:
* (define x 10)

(global environment)

x: 10
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rule 2; set!

« set! changes an old binding in the current
environment

« NEVER creates a new binding
* example:
* (set! x 'foo)
(global environment)

x: 10
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rule 2; set!

« setl changes an old binding in the current
environment

* NEVER creates a new binding
e example:
e (set! x 'foo)
(global environment)

x: foo
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rule 2; set!

< set! can change a binding in a different frame (if no
binding in current frame)

« example:
¢ (set! x 24)
— no x in current env (global environment)
— so change in global env .
geing x: foo
y: 13
(current environment)
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rule 2; set!

« set! can change a binding in a different frame (if no
binding in current frame)

e example:
o (set! x 24)
— no x in current env (global environment)
— so change in global env .
geing X: 24
y: 13
(current environment)
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rule 3: lambda

« alambda expression (procedure) is a pair:
— the text of the lambda expression

— a pointer to the environment in which the lambda expression
was evaluated (created)
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rule 3: lambda

« evaluate: global environment
(lambda (x) (* x X))
text of lambda -
[}
pointer to
params: X environment
where lambdal
code: (* X X
Fall 2008 Programming Da/gupmen\ ) evaluateqa

with define

« (define square global environment
(lambda (x) (* x x)))
square:—|
params: X
code: (* x x)
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rule 4: evaluation

* changes the way we model apply
e To apply a procedure:
1. construct a new frame

2. bind the formal parameters of the procedure to the arguments
of the procedure call

3. the new frame’s parent is the environment associated with the
called procedure
« not the calling procedure

4. evaluate the body in the new environment

Fall 2008 Programming Devel opment 18
Techniques




evaluating (square 10)

global environment

square:

params: X

code: (* x x)
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evaluating (sguare 10)

global environment

square:

evaluating (square 10)

global environment

square:

new
x: 10
frame
params: x
code: (* x x) current environment
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evaluating (square 10)
global environment
square:—|
x: 10 current
env
4
params: X
* =
code: (* x X) (*xx) =>

Fall 2008 Pfﬂg'af“_l[“e‘c”m;‘@”‘fb) => 100 =

new
frame
params: X
code: (* x x) current environment
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evaluating (square 10)
global environment
square:—l
x: 10 current
env
<
params: X
- (%
code: (* x x) evaluate: (* X X)
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evaluating (square 10)
global environment
square: current
env
<

l result: 100

new frame "goes away"

params: x

code: (* x x)
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That was WAY too easy!

Let's try something harder...

accumulator (revisited)

» (define (make-accum value)
(lambda (x)
(set! value (+ value x))
value))

* N.B. body of lambda, define, cond clause is implicitly
a begin block.
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accumulator (another 1ook)

(define make-accum
(lambda (value)
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accumulator
* (define (make-accum value)
(lambda (x)

(set! value (+ value x))

Value)) current env
global /
env make-accum: »

—
arameters: value
ody: (lambda (x]
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value)
accumulator

« (define a! (make-accum 0))

— evaluate (make-accum 0)
« create frame
« bind arguments global
env make—accum:/

arameters: value
ody: (lambda (x)

(set! value (+ value x))
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current env

(lambda (x)
(set! value current env
(+ value x)) global /
value)) env make-accum: ¥
— /
ganmeters: value
ody: (lambda (x)
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value)
accumulator
« evaluate (make-accum 0)
— create, bind
— evaluate body
* (lambda (x) ...
global ( 09 --)

—

env make-accum /

4— current env
parameters: value
body: (lambda (x)

(set! value (+ value x)) parameter: x

value) body: (begin
(set! value (+ value x)) 30
value)




rule 3:

« when we create a procedure (evaluate a lambda
expression)

— its environment is the environment in which the lambda
expression is evaluated
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accumul ator

« evaluate (make-accum 0)
— create, bind
— evaluate body
g:&bal p— « (lambda (%) ...)
/ — result is lambda

‘ l « with env binding

[ valued ]
current env
Earame ters: value

ody: (lambda (x)
(set! value (+ value X)) parameter: x
value) body: (begin
(set! value (+ value x))
value)
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accumul ator

global
env |arn: |
make-accum:
—-I Z AN
current env
[velue? ]

garamz ters: value “c
0d

ly: (lambda (x)

(set! value (+ value x)) arameter: x
value) ody: (begin
. (set! value (+ value x))
» (define a! (make-accum 0)) value)

— evaluate (make-accum 0)

« resultis (lambda (x) ...) with env ptr
— make binding for a!

« inits environment
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after (defineal...)

global

env | al:
| make-accum vl \

| ¢—— current env

parameters: value n 0

body: (lambda (x)
(set! value (+ value x))  parameter: x
value) body: (begin
(set! value (+ value x))
value)

Techniques

after (defineal...)

global
env al:
make—accum7 \ ‘
[T | — e
frame persists

parameters: value “c

body: (lambda (x)
(set! value (+ value x))  parameter: x
value) body: (begin
(set! value (+ value x))
value)

¢—— current env

Techniques

using a

° (al'l)
— create frame
— bind values
global
env
—
[ vale |
Barameters: value no \
ody: (lambda (x) current env
(set! value (+ value x)) parameter: x
value) body: (begin
Fall 2008 slsae:l!e\;alue (+ value x))




global

using al

(al'l)

env al:
make-accum: \

— create frame
— bind values
— evaluate body

— (set! value (+ x value))
— (set! value (+ 1 0))
— (set! value 1)

0

arameters:ualue

: ody: (lambda (x;

+ (begin (set! value...) ...) ¥ (et value (+ value x))
value)

current env

arameter: x
ody: (begi

1sel?value (+ value x))
value)
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environment after (al 1)
current env
global a
env al:
make-accum:
N .
[}
|va|ue:1 | |__trapped
frame

parameters: value

body: (lambda (x)
(set! value (+ value x))
value)

parameter: x
body: (begin

value)

(set! value (+ value x))

accumulator 2

(define b! (make-accum 0))
— evaluate (make-accum 0)

* create
* bind...
global
env al:
|make—accum:7 \ |
garamders value " u current env
ody: (lambda (x)
(set! value (+ value x)) arameter: x
value) ody: (begin
Fall 2008
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(set! value (+ value x))
value)

using a

global

el

nv al:
make-accum: \

current env

* (all)
— Create frame
. arameters: value
— Bind values gody: (I(amb|da gx) s value )
set! value (+ value x .
— Evaluate body value) * ‘;‘,Lay'!‘i’éi;iﬁ
« (begin (set! value...) ,,,,) slsj‘ll!e\;alue (+ value x))
« (set! value (+ x value))
* (set! value (+ 1 0))
* (set! value 1)
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(al'1)
>2
(al'l)
>3
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accumulator 2

(define b! (make-accum 0))
— evaluate (make-accum 0)

« result is (lambda (x) ...) w/ env ptr
— make binding for b!

current env

glnbil
make-n:cum
Eara »Jlers value
(se\' vaiue (+ value x)
rameter: x paramete
Fall 2008 Pr iy: (begin ody: (be

(set! value (+ value x))
value)

gin
(set! value (+ value x))
value)




resulting environment

e a! and b! have their own value
current env

global | a!: —\
env b!:

make-accum:

Eara eters: value 0” ““
ody: (lambda (x)

(set! value (+ value x))

value)

parameter: x parameter: x

body: (begin body: (begin
(set! value (+ value x)) (set! value (+ value x))
value) value) 3

Fi
Tecnnigues
o (b!'1)
— ...frame
- ..set!
global | a!: —
env bl
make-accum:7 \ \
pate
g meters: value 0” “c T
ody: (lambda (x)
(set! value (+ value x))
value) current env
garameler: x gara eter: x
ody: (begin ody: (begin
(set! value (+ value x); set! value (+ value x)
Fall 2008 value) ¢ ) gla[ue) ¢ )
(al'1)
- ...frame global | a:
env bl
— ..set! make-accum: ; \
L 00
ody: (lambd (x)
(set! value (+ value x))
value)
arameter: X aral eter X
ody: (begin ody: (be:
(set! value (+ value|x) (sel' value (+ value x))
value) ue)
4— current env
Fall 2008 m
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- ...frame
global
env
—
value:
Earamelers value
lambda
( el' value (+ value x))
ue) current env
garameler:x arameter: x
ody: (begin ody: (begin
Fall 2008

(set! value (+ value x))
value)

(sel' \;alue (+ value x))

using al again

(@'l

...frame

global | a!: —
env | bl

—_— make-accum:7 \ \

arameters: value
ody: (lambda (x)
(set! value (+ value x))
value)

arameter: x
ody: (begin
(set! value (+ value\x)

Fall 2008
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g ler x
ody: (be
(set' \;alue (+ value x))|
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using b!

. (bl'1)

¢ D2

* (all)

¢« >3

e (al'l)

e >4

e (b'1)

e >3
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procedure environment

® make-accum
creates a unique

frame for each call Iobal a'
+ the lambda traps the make-accum7
frame and keeps a
pointer to it Value: va uer
« only that lambda
has access to that

arameters: Vulue

frame ody: (lambda
(set! vslu- (+ value x\\
value)
arameter: x ara eler X
ody: (begln ody: (begin
(set! value (+ value x)) (set! value (+ value x))|
value) value)
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procedure environment

» value is a local variable that is owned (and
accessible) exclusively by the resulting lambda

lobal | al: E——
gnv b

make-accum: e \

arameters: value 0“ ao

ody: (lambda (x)
(set! value (+ value x))
value)

Earameter: X gara eter: x
o (l:egi:\ lue (+ value x)) o (I}eg ! val (+ value x))
set! value (+ value x| set! value (+ value x|
Fall 2008 value) value)

al andb!

al and b! have unique procedure frames
have unique local variables: value

don't affect each other £
remember own state

important form of encapsulation
— limits unwanted interactions poramete

mors: s

(lambda
(aei vllu! (+ value x)

Bocy:tegin By ioe u»eq
(! value (+ value x) (s value (+ value )|
Valie) Vaiue)
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contrast

(define astate 0)

(define (accum! x)
(set! astate (+ x astate))
astate))

(define (toggle!)
(if (= astate 0)
(set! astate 1)
(set! astate 0)))
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interaction

« (accum!1) + (toggle!) ;; astate: 0

¢ D1 e (accum!1)

« (toggle!) ;; astate: 0 e >1

* (accum!1)

e >1 * toggle! and accum! share a

« (accum!1) variable

) » not independent
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encapsulation

» generally a bad idea to put state in the global
environment
— pollutes namespace
— gives other routines access
« even ones that don't need it
— can get bad interactions
« even accidental ones
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disciplined use of side-effects

« moral of the story:
« there are many things we can do with side-effects
¢ ...that we really should not do.

« keep your state private!
— nobody else has to know
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controlling access

* What if | want multiple procedures to access the
same state?

* want specificity
— give multiple procedures access
— but not all procedures
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code and data

* encapsulate data
— with associated (limited) code to manipulate
— code mediates kinds of access

o familiar...
— message-passing associated data and code
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message-passing

; returns a procedure that will act as an accumulator
; or will return its value or reset the value
* (define (mp-make-accum value)
(lambda (op)
(cond ((eq? op ‘accum)
(lambda (x) (set! value
(+ value x))))

((eq? op 'value) value)

((eq? op 'reset) (set! value 0))

(else (error “unknown op: " op)))))
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message-passing use

¢ (define a2 (mp-make-accum 0))
¢ (a2'value)

>0

¢ ((a2'accum) 1)

¢ (a2'value)

>1
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environment

¢ (define a2 (mp-make-accum 0))

current env

/

global
env a2 —
| mp-make-accum_I

=
—O b

parameters: value
body: (I)ambda (op)

paramaters: op

Fall 2008 body: (cond ((eq? ...)))
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environment

(define a2 (mp-make-accum 0))
(a2 ‘accum)

global
env

a2:
mp-make-accum!
o MP 1 current env

’_I

parameters: value .
. paramaters: op
body..(.!)ambda (op) body: (cond ((eq" »

Barameter 1X
Fall 2008 ody: (set! value
(+ value x))

environment

(define a2 (mp-make-accum 0))
(a2 ‘value)

global
env

a2:
mp-make-acc current env

| o /

parameters: value .
. paramaters: op
body: (lambda (op) body: (cond ((eq? ...)))
Fall 200
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usage

(define a2 (mp-make-accum 0))
e during: ((a@2 ‘accum) 1)

current env

global

env a2 —— ‘
mp-make-accum:.

—i sl |

parameters: value
body:_(_!;mbun (op) g:;“;“(“os"fd a2

ers: X
bedy: (set! value
Fall 2008 (+ value x))
Teunnigues

usage

(define a2 (mp-make-accum 0))
e during]((a2 ‘accum) 1)

RN
AN

env | a2i—
mp-make-accum;_l \ current env
— N
f =

90 © [

B:rame(ers value
dy: (Iambda (op) " &

Fall 2008 pa imeters: X
H 1 vall

{+ value x))

usage

(define a2 (mp-make-accum 0))
e during: ((a2 ‘accum) 1)

lobal

o e — |
mp-make-accum: ._I

BOHV {cond (() €92 ..)))

EeaTe
ody: (set! value
(+valuex)) (set! value 1)
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current env

arameters: value

(set! value (+ value x))
ody: (I)ambda (op)

(set! value (+ 0 1))

usage

« after: ((a2 ‘accum) 1)

current env

global /

env a2 —
mp-make-accum:_I

o
—O b

parameters: value .
- paramaters: op
e Y {Iambda (op) body: (cond ((eq? ...))
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Big Ideas

« procedures point to environment at the place where
they're evaluated

* procedures can have local state

« allows us to create procedure-specific (object-specific)
state

« allows us to encapsulate data
— avoiding conflict
— control usage
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